The equity home bias, the observed lack of international diversi…cation in equity portfolios, is a persistent puzzle in international …nance. We propose an explanation for this puzzle based on external habit formation preferences. Agents' utility depends on the di¤erence between consumption and a slow-moving subsistence level. The subsistence level, or external habit, is a backward-looking moving average of national aggregate consumption. We assume that a small group of agents holds primarily domestic securities. We can think of these agents as small business owners who are forced to hold domestic assets for agency reasons. If the remaining agents have external habit formation utility, then they will mimic the domestic bias of this small group.
Introduction
One of the puzzles of international …nance is the equity home bias, the tendency of investors to hold more domestic equities than would be optimal under traditional mean-variance analysis. Home bias is pervasive and large. Cooper and Kaplanis (1994) report that domestic equity investment, as a fraction of the total equity portfolio, ranges from 65% in France to 100% in Sweden. One particularly puzzling fact is the large home bias found in small countries. Small countries, whose equities comprise a small fraction of the global mean-variance e¢cient portfolio, presumably have the most to gain from international diversi…cation.
We show that a form of preferences based on consumption externalities can generate a substantial equity home bias, even in small countries. We assume that an agent's utility depends on the di¤erence between consumption and a standard of living. This standard of living, or "external habit," is a backward-looking average of the aggregate consumption of an agent's perceived peer group. Under these preferences, agents are particularly sensitive to peers' investment behavior. Because agents' future standard of living depends on investment performance of other agents in the peer group, it is optimal for them to partially mimic the group's aggregate portfolio choice.
Under external habit formation preferences, home bias arises when the reference group is national and a seed group of agents in the country is constrained to overinvest domestically. We assume that this seed group is composed of small business owners and company executives, agents who are unable to adequately diversify their domestic business risks for agency reasons. Heaton and Lucas (2000) show that a substantial fraction of wealth is held in proprietary businesses and that this wealth is very unevenly distributed in the population. In the presence of this seed group, unconstrained agents overinvest domestically, through a herding mechanism. Unconstrained agents mimic the portfolio holdings of the constrained group; they also mimic the portfolio holdings of other unconstrained agents. These e¤ects combine to magnify the domestic equity bias of constrained agents in the aggregate portfolio.
Our model can explain a substantial home bias in small countries. Since agents have constant relative risk aversion preferences in the difference between consumption and habit, marginal utility approaches in…nity as consumption approaches the habit level. Agents therefore hold a portfolio that guarantees their consumption need never fall below habit. Unconstrained agents must hold enough of the domestic asset to ensure that the habit obligations incurred by the consumption of the constrained agents are met. This requirement makes the composition of portfolio holdings relatively insensitive to the mean-variance properties of the domestic asset. Therefore, a large home bias arises even in small countries, where the domestic asset is likely to have large idiosyncratic variance.
We calibrate our model to unconditional consumption and asset return moments in the U.S., the U.K., and Sweden, countries for which high-quality, long-term data on consumption is available. We …nd that a large fraction of observed home bias can be explained by our model. Calibrated allocations range from 64% to 75% for the U.S., 51% to 84% for the U.K., and 30% to 67% for Sweden. In comparison, when domestic investors can invest in home equities and the MSCI EAFE index, mean-variance optimal domestic equity holdings are approximately 57% for the U.S., 35% for the U.K., and 8% for Sweden.
Although our paper focuses on the international home bias, our model has implications for related local non-diversi…cation puzzles. Heaton and Lucas (2000) …nd that, among stockholders, an average of 10% of total stockholdings are in stocks of companies where they are employeed. Benartzi (2001) , in a study of 401(k) plan portfolio allocation, …nds that a high level of investment in own-company stock is commonplace. Our model can rationalize these …ndings if we interpret the reference group as local, rather than national, so that agents mimic investment behavior of their coworkers. A plausible seed group of constrained agents in this case are company executives, who are required to hold options or shares as part of an incentive plan. 1 Also consistent with these types of local peer e¤ects, Hong, Kubik and Stein (2001) have highlighted the importance of social interactions as determinants of equity market participation among Health and Retirement Study respondents.
External habit formation has implications for the dynamics of portfolio holdings. Although the accuracy of existing time series holdings data has been questioned (Warnock, 2001 ), we present the time series implications of our model here, with two purposes. First, higher quality time series data on the home bias will become available in the future. Time series data on holdings will be an important testing ground for existing home bias theories. Second, the pattern of trading implied by our model corresponds with the …ndings of Benartzi (2001) . Our model o¤ers an explanation not only for high own-company stock ownership, but also for the observation that employees buy more stock when it appreciates.
Equity Home Bias
Early literature on the equity home bias demonstrates the bene…ts of international diversi…cation (Levy and Sarnat, 1970) and the tendency to underinvest in foreign securities (Solnik, 1974 ). More recent work shows that the equity home bias has not gone away (French and Poterba, 1991) , although it has diminished somewhat in the 1990's (Tesar and Werner, 1998) . Lewis (1999) surveys and evaluates proposed explanations of the equity home bias. The consensus of the literature is that there is no "smoking gun," a single explanation that entirely explains home bias. Many existing explanations either explain insu¢cient home bias or generate counterfactual auxiliary predictions.
A large class of home bias explanations focuses on the role of domestic equities in hedging a country-speci…c risk factor. Leading candidate risk factors are the output of domestic non-traded goods and the value of a non-traded asset, human capital. Neither of these risk factors seems to conclusively explain portfolio holdings of domestic equities. A related set of explanations does not identify an exogenous risk factor, but rather makes assumptions that cause domestic wealth to e¤ectively become a risk factor. In DeMarzo, Kaniel, and Kremer (2002), local aggregate wealth determines the price of a scarce "local resource," and agents' desire to hedge price risk leads them to invest in domestic equities. In this paper, local aggregate wealth, through the budget constraint, delimits potential paths for a locally determined standard of living, or habit. Agents invest in domestic equities to hedge changes in the habit level.
In non-tradeable goods models, agents hold equity in the domestic producers of non-traded goods to hedge non-traded goods output. Stockman and Dellas (1989) propose a model of this type in which preferences are separable in non-traded and traded goods. This assumption implies complete home bias in the equity of non-traded goods producers and perfect diversi…cation in the equity of traded goods producers. Tesar (1993) , Pesenti and Van Wincoop (1994) , and Serrat (2001) show that bias in holdings of non-traded goods producers may be echoed in holdings of traded-goods producers if investors' utility over traded and non-traded goods is non-separable. Their conclusions are highly sensitive to the speci…cation of the utility function. Equilibrium non-tradeables models universally imply that foreigners will not hold shares of domestic non-tradeables producers, which is clearly counterfactual. Further, Lewis (1996) points out that …rst-order conditions for risk sharing when utility is de…ned over tradeable and non-tradeable goods consumption are grossly rejected.
A second set of models examines the role of non-traded assets in explaining the home bias. Bottazzi, Pesenti and Van Wincoop (1996) use a continuous-time VAR to model the dynamic interaction between wage rates and returns on traded assets and show empirically that domestic assets can provide a hedge against poor current or future wage realizations. In contrast, Baxter and Jermann (1997) argue that human capital returns make the equity home bias even "worse than you think." Imputing returns to human capital, they argue that domestic equity returns are positively correlated with human capital returns, making foreign equities more attractive.
Related to models of non-traded goods, but qualitatively distinct, is a model of local investment bias based on "community e¤ects" (DeMarzo, Kaniel and Kremer, 2002; henceforth, DKK). DKK show that a tilt towards local assets results when agents compete for scarce "local resources" in …xed supply, such as real estate. Demand for local resources depends on the performance of the local aggregate portfolio. The locally held portfolio consequently serves as a hedge for the price of local resources. If a subset of agents in a community are inherently locally biased in their investment portfolios, other agents will "herd," mimicking this local bias.
The DKK model is theoretically appealing because it derives herd behavior under standard assumptions about investors' utility. The model has two auxiliary testable implications. First, the local assets e¤ectively hedge the price of the local resource. Second, the community in which herding occurs is de…ned by commonality of the local resource. Agents will mimic the portfolios of all other agents who in ‡uence prices of the local resource.
The …rst implication is di¢cult to test, since goods prices are empirically quite sticky at short horizons. Cooper and Kaplanis (1994) …nd that, at high frequencies, equities are not a useful hedge for in ‡a-tion. At lower frequencies, equity returns and in ‡ation are more highly correlated (Boudoukh and Richardson, 1993). To our knowledge, the relationship of asset returns to prices of natural candidates for local resources has not been speci…cally investigated. Further empirical work may clarify whether this relationship is su¢ciently strong to plausibly support a price-hedging theory.
We can interpret the second implication as a prediction for holdings of own-company stock. DKK note that own-company stock holdings should be higher in company towns, where the in ‡uence of company performance on the price of the local resource is high. In contrast, in cities with many employers, the performance of any speci…c …rm is relatively less important in determining the price of the local resource. Benartzi (2001) indicates that large own-company stock holdings in 401(k) plans are a nearly universal phenomenon. It is unlikely that own-company stock holdings in Silicon Valley are the most e¤ective hedge for local real estate; a diversi…ed portfolio of area businesses would work better. Nonetheless, own-company stock holdings in technology …rms seem, at least anecdotally, quite high. While it is possible that own-company stock holdings are larger in company towns, the existence of substantial own-company bias in larger communities indicates at least a role for another local bias mechanism, like external habit.
A strength of our external habit model, relative to other explanations of the equity home bias, is the ability to explain a large home bias is small countries, where the bene…ts of diversi…cation under a canonical risk-sharing model are quite large. Other explanations for the home bias do not have similar implications. Non-traded goods and assets models do not explain this fact, unless we assume that small countries have, for example, more volatile streams of non-traded goods or human capital. Whether this is true is an unresolved empirical question. Nonetheless, it seems unlikely that the characteristics of these factors are su¢ciently di¤erent across countries to generate the extreme observed home bias in small countries. Transaction costs explanations do not imply a larger home bias in small countries unless costs of international diversi…cation are larger in small countries. To the extent that the structure of transaction costs is endogeneous, this seems like an unlikely explanationcapital markets should be endogeneously structured to enable diversi…-cation by those who bene…t the most from it. Furthermore, transaction costs have been found to be generally too small in magnitude to explain the lack of international diversi…cation. DKK do not explicitly examine the implications of their community e¤ects model for implied local bias as function of community size. In their model, however, it seems reasonable to expect that agents' price hedging motivations will be tempered by high variance in the domestic asset. The extent of this e¤ect will likely depend on the elasticity of substitution between local resources and all other goods.
In contrast to other explanations of the home bias, both the DKK model and our model imply that the size of the equity home bias will be positively related to the size of the seed group in the population. The size of the non-traded sector in the economy is positively related to the size of the inherently domestically biased seed group. Although we should be careful in drawing inferences from cross-country analysis using the limited number of countries for which home bias data is available, it is interesting to note that there is a negative relationship in the data between home bias and the ratio of market capitalization to GDP (Figure 1 ). Here, home bias is measured as the di¤erence between the percentage allocation to domestic equities and the market capitalization of the equity market relative to the world equity market. This relationship in the …gure suggests that, if a country has a large seed group of domestically constrained agents, it will have large home bias. This is suggestive evidence in favor of herding models of the home bias.
In work related to this paper, several authors have used consumption or investment externalities to explain the home bias. Wheatley (2000) investigates a static model in which agents have preferences over mean and variance of return relative to peers. He …nds that if agents have labor income and short-sale constraints and the human capital to wealth ratio di¤ers across agents, agents' portfolios will exhibit home bias. Reismann (1999) investigates a similar model. Chue (2001) uses a continuous time model in which utility depends on the ratio of individual consumption to aggregate consumption. 2 In contrast to this work, this paper uses a dynamic model that, by virtue of the slow-moving nature of habit, has the potential to better …t the observed smoothness of consumption relative to asset returns. Furthermore, the speci…c form of habit formation preferences we use enables us to intuitively explain the high level of equity home bias in small countries.
Habit and Comparative Utility
The literature on external habit formation and other forms of comparative utility is relatively old in economics (e.g., Duesenberry, 1949) . In …nance, more recent work has attempted to use habit formation to explain puzzles in …nancial markets, such as the equity premium puzzle (Constantinides, 1990; Abel, 1990 ) and the stock market volatility puzzle (Campbell and Cochrane, 1999) , and to explain time-varying expected returns (Campbell and Cochrane, 1999; Chan and Kogan, 2001 ).
There are several important divisions in the literature relating to how habit formation is speci…ed. Most important for this paper is whether habit is formed internally or externally. In internal habit models, habit is based on an agent's own consumption; in external habit models, it is based on the consumption of peers. The idea that happiness is based on relative consumption or wealth is intuitively appealing. Easterlin (1974 Easterlin ( , 1995 examines international survey evidence on happiness. He …nds that while the rich seem happier than the poor within societies, there seem to be no substantial di¤erences in happiness across societies. 2 In contrast to Wheatley (2000) and Reismann (1999) , our model is dynamic and uses external habit formation preferences. We obtain a result that illustrates in closed form the impact of external habit formation for highly generic price processes. There are two di¤erences from Chue (2001) in our utility speci…cation: we use a di¤erence model instead of a ratio model, and our model allows a slow-moving reference point instead of relying on instantaneous comparison of consumption values. The ratio model allows closed-form analytic solutions only in this pure comparison form.
While any direct survey on utility values should not be taken too literally, this work lends credence to the notion that utility may have a comparative component, supporting external habit formation, and that this comparison is local.
Another important dichotomy is the distinction between di¤erence and ratio utility. Abel (1990) and Chan and Kogan (2001) use ratio utility, in which the argument of the instantaneous utility function the ratio of consumption to habit, C=X:
A practical advantage of this approach is that utility is de…ned whenever consumption and habit are positive. Constantinides (1990) and Campbell and Cochrane (1999) argue for a speci…cation based on the di¤erence between consumption and habit, C ¡ X:
This approach requires that C t > X t 8t. In general equilibrium in an exchange economy, this speci…cation requires a careful choice for the evolution of habit, as in Campbell and Cochrane (1999) . An advantage of di¤erence-based utility, however, is that relative risk aversion is time-varying and countercyclical. In equilibrium, this implies a countercyclical risk premium. Di¤erence-based habit formation has an intuitive appeal, if we think of habit as a subsitence level, in the spirit of Rubinstein (1976a Rubinstein ( , 1976b . In a growing economy, any static subsistence level eventually becomes trivially small. We can think of habit as simply a subsistence level that evolves over time, growing with the economy. By using di¤erence-style external habit, we convey the intuition that agents' consumption creates externalities and that these externalities enter the utility function in the form of a slow-moving subsistence level.
This paper is divided into …ve sections. In section 2, we solve the general portfolio choice problem for an external habit formation agent, where constrained individuals are allowed to have arbitrary portfolio and consumption rules, and prices follow an arbitrary di¤usion process. Section 3 shows how this framework can help to explain the level and time series behavior of the equity home bias. Section 4 presents a calibration of the model. Section 5 concludes.
An External Habit Formation Model
This section considers the decision problem of an individual external habit formation agent who takes as given prices and the portfolio and consumption choice of other agents in the economy. The agent values consumption relative to habit, X, which is a geometrically weighted, backward-looking moving average of aggregate consumption,
Here, C A t represents aggregate consumption at time t, and a and b are parameters governing the evolution of habit. This is habit formation process is identical to Chan and Kogan (2001) and to Constantinides (1990) with external habit. An implication of this habit process is that the evolution of X is instantaneously deterministic:
The agent's preferences are of the di¤erence type employed in Constantinides (1990) and Campbell and Cochrane (1999) :
We assume that other agents in the economy follow an arbitrary aggregate time-and state-dependent investment and consumption policy f® A ; C A g, subject to a budget constraint over aggregate wealth, W A . It is important to note that this refers to the average policy -we do not require that all other agents are identical.
The agent's investment opportunities are characterized by N assets with price vector P and K state variables, denoted by the vector H. Changes to both are driven by an S £ 1 vector of orthogonal shocks, dZ, where S¸N . We allow drift and di¤usion terms to depend on H:
Here, ¹ i is the i-th element of an N £ 1 vector ¹ and ¡ i is the i-th row of an N £ S matrix ¡. We assume also that the risk-free interest rate is constant,
where B is the price of the risk-free asset. We denote by the N £ 1 vector ® the fraction of the agent's portfolio held in each risky asset; consequently, 1 ¡ ® 0 ¶ is the fraction invested in the bond. In the sense that we take prices as given, we can interpret this model as a partial equilibrium model. Alternatively, we can interpret it as a general equilibrium model, in the spirit of Constantinides (1990) , where the price processes above re ‡ect the characteristics of risky production technologies.
The choice problem of the external habit formation agent is therefore
Proposition 1 solves this problem in terms of the solution of an analogous problem, the maximization problem of a power utility agent under the identical budget constraint.
Proposition 1 Suppose that the power utility problem
has a value function of the form
Then the choice problem (10) has the value function
The corresponding optimal consumption and investment rules are
Proof. See Appendix A.
Proposition 1 shows that whenever the power utility solution to the choice problem takes the standard form, we can solve the analogous external habit formation problem. The optimal policies depend only on instantaneous knowledge of habit, wealth, aggregate wealth, and aggregate portfolio choice. Our results here are similar to those obtained in Schroder and Skiadas (2000) , who prove an isomorphism between internal habit problems and their dual, non-habit problem. 4 The portfolio rule can be decomposed into three parts: an investment in bonds required to …nance existing habit, an investment in the aggregate portfolio required to …nance the habit obligations incurred by future aggregate consumption, and a surplus component invested as an agent with power utility.
The …rst two components together can be thought of as an asset that pays habit at its dividend. The …rst component is an investment in bonds costing X r + a .
This asset is the price of a bond paying a coupon of an initial amount X and declining at the constant rate a. In the absence of future aggregate consumption, habit will decay certainly at the rate a. In this sense, consumption obligations caused by existing habit can be thought of as riskless, and can be …nanced entirely by holdings of riskless assets. The second component is an investment of
in the aggregate portfolio. This component completes the synthesis of habit. When a unit of aggregate consumption occurs, it generates riskless obligations going forward instantaneously in the amount b, decaying at the rate a. Since per-unit …nancing of this obligation will cost b r+a (since the riskless rate is assumed to be constant), the agent must be assured that, whenever consumption occurs in the future, she will have enough wealth to buy bonds worth b r+a C A . The only way to achieve this is to hold bW A r+a in the aggregate portfolio, ® A . These two components together form an asset that pays habit as its dividend. Thus, the …rst two components of the portfolio rule guarantee that the agent will always be able to consume at least habit, even in the worst state of the world, as long as wealth is large enough to allow investment in these assets. That is, surplus wealth, W S must be positive:
If W S is positive initially, it is positive at all subsequent points in time.
When the agent holds this asset, she is guaranteed a payment of exactly X in each period. Since the utility function takes the form
once the consumption of X is guaranteed, policy choices are made as a power agent consuming out of surplus wealth. Surplus wealth is invested according to the power utility rule
with myopic and hedging terms, respectively. Thus, the portfolio rule can be restated in a more intuitive form:
Also, surplus consumption, C ¡ X, is linear in surplus wealth in the proportion that a power utility agent would choose:
Since the power utility consumption-wealth ratio is f
excess consumption of the habit agent can be seen as analogous to power utility consumption out of surplus wealth. This disaggregation of wealth is similar to the discrete-time, internal habit formation model of Lax (2001), who decomposes wealth into the portion required to sustain habit and the portion invested as a power utility agent.
An interesting special case of this problem is pure comparison utility, in which utility of consumption is measured relative to a aggregate consumption, instead of a slow-moving habit:
¡°.
( 1 5 ) This model arises as a limiting case where b and a approach in…nity in a …xed proportion.
, habit is
and lim a!1
= ÃC A t . We can reinterpret the consumption and portfolio rules in the pure comparison case as
( 1 8 )
Note that, when agents are identical, pure comparison preferences lead to consumption and investment rules that are identical to the power case.
Habit Formation and the Home Bias
In the previous section, we show that external habit formation agents will optimally mimic aggregate portfolio weights. This section focuses on the implications of this result when a seed group in the population is constrained to hold domestic assets. For generality, the results in this section leave the identity of the seed group unspeci…ed, while in the section 4, for purposes of calibration, we assume that the seed group consists of small business owners. Unconstrained agents mimic aggregate investment behavior. A certain portion of this behavior is speci…ed by the seed group, and the remainder by other unconstrained agents. Therefore, there is a feedback e¤ect: the e¤ect of constrained agents is multiplied, since unconstrained agents mimic the mimicking behavior of other unconstrained agents. Section 3.1 derives the implications of this e¤ect for the equity home bias. In section 3.2, we illustrate the e¤ect using a small country example, in which a power utility agent would optimally choose to hold none of the domestic asset. We show that, in this example, home bias is entirely independent of the mean-variance characteristics of the domestic asset. Section 3.3 considers a simpli…ed version of the model in an exchange economy and demonstrates that the portfolio allocation results in this case survive when we take dividends as exogenous and solve for prices. Section 3.4 examines the time series implications of the portfolio choice model.
Portfolio Choice
Proposition 1 implies that external habit formation agents mimic other agents in the economy. We consider an economy with two types of agents, external habit formation agents (Type E) and other agents (Type O) with arbitrary portfolio weights. Type E agents mimic the investment behavior of each other and of the Type O agents and therefore tilt their portfolio in the direction of the Type O portfolio. If we assume that Type O agents are inherently home biased (e.g., are constrained to hold domestic assets) then Type E agents will have a potentially large home bias as well. Any intrinsic home bias in the Type O portfolio is ampli…ed in two ways: …rst, Type E agents must copy Type O agents; second, Type E agents must copy other Type E agents, who are, in turn, copying Type O agents. This leads to a feedback e¤ect in portfolio allocations.
Proposition 2 Suppose that the assumptions of Proposition 1 hold. Let a fraction (1 ¡¯) of the population be identical external habit formation agents (Type E) as described in Proposition 1, with habit X and percapita wealth W E . Suppose that the remaining agents (Type O) have average per-capita wealth W O and arbitrary time-and state-dependent aggregate portfolio holdings ® O . Optimal portfolio choice of Type E agents is
and optimal consumption of Type E agents is
Proposition 2 generates intuition for examining the impact of a fraction of agents, Type O, who are intrinsically biased in their portfolio choice. In the context of home bias, we can think of Type O agents as intrinsically biased toward holding more domestic securities than a power investor. There are a number of possible justi…cations for this subgroup. Heaton and Lucas (2000) establish that "entrepreneurial risk" is faced by a large number of agents and is economically important. This risk is generally domestic. Also, some agents may have behavioral reasons for a domestic bias. We make the simplifying assumption that the assets held by Type O agents are perfect proxies for the domestic asset. Our model predicts that the home bias of entrepreneurs or behavioral agents will be subject to a feedback e¤ect in the remainder of the population.
The consumption rule in Proposition 2 can be restated as
Note that surplus wealth,
again plays an important role in the optimal policy. If the Type E agents merely needed to hedge the changes in wealth of Type O agents, Proposition 1 shows that they would need to hold only
In the presence of other Type E agents, however, the feedback mechanism (the need to mimic other Type E agents) described above further increases a Type E agent's holdings in ® O to
In this sense, we could view the multiplier, M ,
as the e¤ect that the presence of other Type E agents has on the holdings of ® O by Type E agents. The Type E agent's portfolio weight in the Type O asset, ® O , cannot exceed the Type O agent's portfolio weight in the same asset, which is 1 by de…nition. For the problem to be well-de…ned, we must have
Otherwise, surplus wealth would be negative, and agents would not be able to …nance consumption above the habit level. Consequently, this places an upper bound of 1 on the fraction of wealth that the Type E agent devotes to mimicking the Type O agent. Put another way, Type E agents will not hold a levered version of the Type O portfolio.
A Simple Small Country Example
To illustrate more plainly the e¤ect of external habit formation on home bias, we construct an example in which a power utility agent would never optimally invest in the domestic asset. Suppose there are two assets, one "domestic" asset held by Type O agents with ® D O = 1, and one "international" asset, not held by Type O agents. Assume that the return on the domestic asset is identical to the return on the international asset plus an additional uncorrelated shock, implying that the optimal power utility portfolio rule is to hold only the international asset and the risk-free asset. The price processes are
The portfolio rule implied by Proposition 2 is
and the consumption rule is
While a power-utility agent would have no incentive to hold domestic assets, the Type E agent holds domestic assets in a proportion determined by the relative wealth of Type O agents and parameters of the habit process. Type E agents hold the domestic asset because their future habit is, in part, determined by consumption of Type O agents.
The Type E agents are hedging their future habit risk by holding the domestic asset.
Equations (24) and (25) illustrate that, in small countries, home bias is completely insensitive to the return characteristics of the domestic asset. Because consumption must exceed habit in all states of the world, agents must mimic the asset holdings of Type O agents, regardless of the characteristics of the returns on this portfolio. In small counties, in which the domestic asset is simply the world asset with an additional noise term, consumption and portfolio choice are entirely insensitive to the volatility and expected return of the domestic asset.
General Equilibrium in an Exchange Economy
Our goal in this subsection is to establish that, in a di¤erence-type model, portfolio choice implications similar to those derived in partial equilibrium persist in an exchange economy under general equilibrium. In the above results, we take the price processes as given and solve for the optimal portfolio choice rule. When modeling a small economy, for which prices will be set by the rest of the world, this is an appropriate assumption. For a large economy, it is potentially important to consider the impact of changes in demand on asset prices.
In the previous sections, we have made some assumptions to solve the portfolio choice problem that, taken together, do not permit a solution for general equilibrium in an exchange economy. We make the assumption that utility is a power function of the di¤erence between consumption and habit. Consequently, consumption must be greater than habit in all states for the problem to be well de…ned. In an exchange economy, dividends evolve exogenously and prices adjust so that optimal aggregate consumption is equal to aggregate dividends in each period. However, if aggregate dividends can fall below habit in any state of the world, expected utility is unde…ned. Since we also make the assumption that habit is a slow-moving, geometric average of past consumption, then aggregate dividends will fall below habit if dividends su¤er a su¢ciently bad shock.
We must therefore change either the form of the utility function or the process for habit. This could be achieved by making instantaneous utility a power function of the ratio of consumption to habit. This approach is taken by Abel (1990) in a homogeneous agent, discrete-time model. This framework leads to a countercyclical risk premium but an excessively variable risk free rate. Campbell and Cochrane (1999) use a di¤erence utility framework but specify a non-linear habit process to guarantee that aggregate consumption always remains greater than habit. This model also generates a countercyclical risk premium and can be calibrated to have a constant interest rate.
Another option is to use a di¤erence utility framework but set habit proportional to instantaneous consumption, instead of a backward-looking average. For the purposes of our illustration, we will pursue this option. Since preferences in this setting are a limiting case of the model we have characterized in partial equilibrium, we will be able to generate analytic representations of the equilibrium that maintain our intuition about the role of mimicking portfolios in generating home bias.
We assume that agents have pure comparison utility, as in (15) . Recall that these preferences can be derived as a limiting case of the model we have used so far (17) 
Markets are assumed complete, so that marginal utility of any two agents is proportional in all states of the world. Consequently, in a two-country setting, we have
where C Ei is per-capita consumption of Type E agents and C Ai is aggregate per-capita consumption in country i. Imposing the market-clearing constraint, that agents consume the aggregate dividend in each period, we solve for the stochastic discount factor ¤ in terms of the dividends in both economies:
)
The stochastic discount factor is a function of a linear combination of the two dividends. This re ‡ects the intuition that Type O agents consume some fraction of each dividend, that Type E agents must mimic them, and that remaining dividends are consumed by Type E agents as if they had power utility. Type O agents in country i consume a fraction¯iÁ i of the dividend D i . Type E agents in country i must consume at least a fraction
of the dividend D i at all times to meet the benchmark level of consumption. Consequently, regardless of the prices of the assets, a fraction
of the dividend can be thought of as "set aside," either because it is consumed by Type O agents or because it must be used by Type E agents to mimic Type O consumption. We can think of the residual fraction as the "free dividend."
In a general equilibrium model with power utility, homogeneous risk aversion, and complete markets, assets are priced based on their covariance with the aggregate dividend, so that the stochastic discount factor is:
( 2 9 ) In a pure comparison model, assets are priced based on their covariance with the aggregate "free dividend." When the importance of Type O agents is the same in the two economies, when¯1 =¯2 and Á 1 = Á 2 , the stochastic discount factor above, (27) , reduces to that of a power economy, (29) . Since Type E agents must hold domestic assets to mimic Type E agents regardless of asset prices, home bias can be generated in a general equilibrium comparison economy even when the stochastic discount factor is the same as in a power economy.
Time Series of Portfolio Holdings
We will show that external habit formation implies a trading rule that is closer to a pure passive rule (a non-rebalancing rule) than the trading rule of a power utility investor. External habit formation predicts that, when domestic returns exceed world returns, the fraction of wealth devoted to domestic assets should increase, as Type O agents become relatively richer. While time series evidence on portfolio holdings is sparse and of poor quality, we use available data to show that this prediction is borne out by the data. Many existing models of the home bias do not have this prediction. To understand the trading implications of our model more formally, we decompose assets held by Type E agents into three components and examine the trading rules associated with each. These components are: the portfolio invested in bonds to replicate riskless habit; the mimicking portfolio invested as Type O agents; and remaining wealth invested as the power agent. Since the quantity of riskless assets held can be characterized by
, the trading rule for the riskless asset is just
Note that this trading rule is locally deterministic and merely re ‡ects purchases in bonds proportional to consumption and coupon payments covering the consumption obligations incurred by habit. The quantity of shares held to mimic Type O agents is
where N O is a vector characterizing the number of shares in each asset held by the Type O agent. Therefore, the trading rule in this portfolio merely re ‡ects the Type O agents' trading rule:
Type E agents will only trade in the asset held by Type O agents to mimic their trading. If Type O agents sell one share of their asset, each Type E agent will sell
shares. Note also that, if Type O agents sell shares to …nance consumption, Type E agents will sell shares proportionally and use the proceeds to buy the riskless asset.
Remaining wealth is invested as a power agent. The quantity of asset i held by Type E agents in this remaining portion is
where ® P;i is the fraction of wealth held in asset i by a hypothetical agent with power utility. An agent with power utility holds a constant fraction of wealth in each asset,
In this portion of the portfolio, therefore, there is continuous rebalancing, as appreciating assets are sold and depreciating assets are purchased to keep ® P constant. In the power case, wealth follows a geometric Brownian motion; here
also follows a geometric Brownian motion. Therefore, continuous rebalancing is con…ned to wealth left over once habit and mimicking of Type O agents have been …nanced.
The complete trading rule of external habit agents in risky assets is
The …rst term, which follows a geometric Brownian motion, is merely the continuous trading rule of an agent with power utility and wealth
W O´. The second term is the trading rule required to mimic the trading of Type O agents. To the degree that Type O agents do not rebalance, we would expect Type E agents to mimic this. If we interpret Type O agents as proprietary business owners, it is plausible to expect that holdings in these businesses will not be rebalanced. Rebalancing is di¢cult because it is costly to shut down proprietary businesses, costly to start them, and di¢cult to sell them to foreign investors for agency reasons. In the international model outlined above, Type O agents invest all wealth in the domestic asset, and therefore do not rebalance. Type E agents will partially mimic this passivity.
This …nding implies a negative correlation between domestic returns in excess of world returns and changes of the portfolio weight in the foreign asset. As the domestic asset appreciates relative to the foreign asset, the wealth of Type O agents increases relative to Type E agents. Consequently, Type E agents increase the fraction of their portfolio devoted to mimicking Type O agents.
To examine this prediction, we look at the time series data on the equity home bias assembled by Tessar and Werner (1998), with the caveat that this data may be measured with substantial error (Warnock, 2001 ). Tesar and Werner (1998) assemble annual data on portfolio holdings of foreign stocks in the U.K., Germany, Canada, and the U.S. from 1987 to 1996 (with the exception of the U.K., for which the series ends in 1995). We use MSCI country-speci…c annual returns during this period to calculate the correlation between returns and contemporaneous percentage changes in portfolio weights. Under a power utility model, these correlations would be zero. External habit formation implies that these correlations will be negative. In all four countries, we …nd large negative correlations ranging from -20% to -70%. The correlations are, for the U.S., ¡70:2%; for the U.K., ¡50:7%; for Canada, ¡20:4%; for Germany, ¡42:7%. Section 4 will demonstrate that similar correlations are found in our calibration of the model. This evidence is only suggestive, as it cannot di¤erentiate our model from other stories that imply passive adjustment. However, partial passivity of the portfolio is a prediction of external habit that distinguishes it from some other theories. If, as proposed by Hong (Pástor, 2000) .
We can use the trading implications of external habit formation to understand recent work by Benartzi (2001) on trading in 401(k) plans. Benartzi shows that agents hold too much of their 401(k) assets in the stock of their employer from a mean-variance e¢cient perspective. He also …nds that employees buy own company stock when it appreciates and sell it when it declines, unlike power utility agents, who would sell winners and buy losers to rebalance their portfolio. Our model can explain both of these facts.
We can think of the set of company employees as a reference group in our model, in the sense that habit is generated as a backward-looking average of employees' consumption. Further, we can treat executives holding stock options for agency reasons as Type O agents. In this setting, Type E agents (other employees) will hold own company stock to track each others' performance and the performance of Type O agents (executives).
In addition, our model generates trading predictions that are consistent with the Benartzi …ndings. If Type O agents hold call options on company stock, as is the case with incentive stock options, then Type E agents will mimic Type O agents by holding options. If agents do not hold options directly (employees cannot hold own-company options in 401(k) portfolios), they can replicate them by holding a dynamically changing levered position in the stock. The strategy for replicating call options involves buying shares when the stock price rises, and selling shares when the stock price falls. This is exactly the pattern observed by Benartzi. Although Benartzi attributes observed trading behavior to excessive extrapolation, it is also consistent with rational behavior by external habit formation agents.
Calibration

Methodology
Our goal in calibrating the model is to examine the steady-state distribution of state variables in our model. In particular, we are interested in results on the home bias. Our model does not admit a closed-form representation of the unconditional distribution of state variables. Instead, we take a simulation approach to exploring the steady-state properties of the model. We choose parameter values to …t moments for consumption and asset prices, and then simulate the economy given these moments to explore the portfolio choice implications of external habit formation. We run simulations based on data from the U.S., U.K., and Sweden, chosen for the availability of high-quality, long-term consumption data.
Our approach is to choose parameters that are consistent with observed consumption and return moments assuming that there are no Type O agents, and then to evaluate the impact of a small number of Type O agents on portfolio allocation. The thrust of this simulation is not to match exactly the observed level of home bias, but rather to demonstrate the importance of portfolio mimicking for the level and time-series of the home bias. We set Type O agents to hold only the domestic asset and to constitute 5% or 10% of the population, both in wealth and number.
These numbers are chosen to re ‡ect the results of Heaton and Lucas (2000) , who …nd that between approximately 5% and 13% of wealth is held in (presumably domestic) proprietary businesses. 5 From Proposition 2, the portfolio choice and consumption rules are linear in the wealth of Type O agents. These rules are nearly linear in¯, he fraction of agents of this type, except to the degree that¯impacts the denominator of the rules as it gets larger, e¤ectively reducing the amount of wealth controlled by Type E agents by reducing their number. Consequently, the reader can easily scale up or down estimates of home bias obtained in this exercise if they believe that our choice of the size of Type O agents is too aggressive or conservative.
To transfer the Heaton and Lucas result to our framework, we ar- 5 Heaton and Lucas (2000) impute from Survey of Consumer Finances data that, in 1992, non-elderly age groups held between 5.2% and 7.7% of wealth in proprietary businesses (Heaton and Lucas, Table IV ). Based on statistics from the Federal Reserve Board and the National Income and Product Accounts, they report that, in 1989, 13.8% of wealth was held in "non-corporate equity" (Heaton and Lucas, We assume that prices follow a geometric Brownian motion:
We obtain estimates for the parameters on equities from MSCI indices. We estimate moments of the international asset return using the MSCI world index in real home currency, and moments of the local asset return using the MSCI domestic index in real home currency. We assume the domestic asset has the same drift as the international asset to facilitate cross-country comparisons. Historical world return may be a better proxy for expected return of domestic asset; this is consistent with an international CAPM, in which the domestic asset has a CAPM¯of 1. From the perspective of explaining home bias, this is a conservative assumption in all three countries we examine, since the drift rate on the MSCI world index is lower than the drift rate for all three MSCI domestic indices. For the U.S., we estimate the short-term interest rate from 90-day T-bill returns, obtained from the CRSP U.S. Treasury and In ‡ation …le. For the U.K. and Sweden, we use data from the International Monetary Fund's International Financial Statistics database. For the U.K., we use the rate at which 91-day bills are allotted (weighted average of Friday data). For Sweden, we use the rate on three month treasury discount notes. Our choice of these series follows Campbell (1999).
Since we are interested in real home currency asset returns, all returns are scaled by the domestic CPI, obtained from the CRSP U.S.
Treasury and In ‡ation …le for the U.S., and from the International Monetary Fund's International Financial Statistics database for the U.K. and Sweden. Exchange rate data is from MSCI. At times it will also be useful for us to refer to the foreign asset, which is the international asset less the fraction of the international asset held in the domestic asset. We obtain data on the fraction of domestic assets in the market-weighted world portfolio from Campbell (1999) . Table 1 shows the moments we estimate for asset prices, together with the consumption moments and market capitalization obtained from Campbell (1999) that we use to calibrate the model. 6 With price processes established, we turn to choosing parameters of the utility function, a, b, ±, and°. Our goal is to choose parameters that are consistent with observed consumption and equity data. A closedform, steady-state distribution is available for a special case of our model, the case in which there are no Type O agents, derived in Constantinides (1990) . Although Constantinides' model is internal, it has identical consumption and portfolio rules to our external habit model when there are no Type O agents present (when¯= 0). Consequently, the two models will be observationally equivalent in this case (Shore, 2001 ). Constantinides uses this analytic representation to match model parameters to observed moments in U.S. data. We use a similar approach, exploiting the unconditional distribution function Constantinides has derived for this case, which is a function p z (z) of z´X C . 7 Given this distribution, 6 The relative market capitalization data is necessary because the domestic asset makes up a fraction of the world portfolio. We are interested in the holdings of domestic versus foreign (world less domestic) assets. Consequently, our measure of domestic assets includes the fraction of wealth held in the domestic asset directly, plus the fraction of wealth in the world asset, times the fraction of the world asset devoted to the domestic asset. Naturally, since both asset prices follow geometric Brownian motions, they will diverge in the long run. We show the fraction of the domestic asset held by the agent under the assumption that the domestic asset makes up the fraction of the world asset that it does currently.
7 Constantinides (1990) gives the following for p z (z):
In Constantinides, ¹, ¾, and r refer to moments of the single, closed economy.
we have expressions for instantaneous moments of consumption growth,
We show results for a number of di¤erent (a; b) pairs. Our procedure is to choose a, then select b and°under the assumption that¯= 0 to match …rst and second instantaneous moments of consumption. We obtain annual frequency estimates of mean and variance of consumption growth from Campbell (1999). Our simulations, which take these moments as instantaneous, yield simulated annual moments that are close to the estimated annual moments. We set ± = 0:037, the parameter value chosen by Constantinides.
In Appendix B, we derive su¢cient conditions for the existence of a non-degenerate steady-state distribution of ratios of state variables. An important consideration is the relative wealth of Type E and Type O agents. Because we model price processes as a geometric Brownian motion, the surplus wealth of Type E agents follows a geometric Brownian motion. The simplest possible assumption about Type O agents is that their consumption-wealth ratio is constant (consistent with power utility). In this case, however, their wealth follows a di¤erent geometric Brownian motion, and the ratio of the wealths of these two groups will be degenerate. To give this ratio a non-degenerate steady-state distribution, we specify the consumption-wealth ratio of the Type O agents as a function of
The consumption of Type O agents is relevant to Type E behavior only to the degree to which it a¤ects Type O wealth, since
Note that the fraction of wealth invested as a power agent, Ã
! is invariant to the consumption policy of Type O agents, since expending one additional unit of wealth on consumption increases X by b¯. The purpose of setting a consumption rule for Type O agents is to give the process a non-degenerate steady state, and to …x the relative importance of Type O agents in the long run. Therefore, we arbitrarily set Á = 0:15 and select · to match
Further, we impose that Type O agents hold only the domestic asset; that is, their portfolio weights are
0 . Other (Á; ·) pairs can be chosen to set
¼ 1, and our model is relatively insensitive to this modi…cation, with the exception of di¤erences in the variability of aggregate consumption due to di¤erences in the variability of
We simulate the economy for 7500 years and discard the …rst 2500 years of data. We use a simple discrete approximation to the continuoustime price processes, with 10 discrete increments per year, and implement the continuous-time decision rules of the previous section within this framework. Our results are invariant to further improvements on the continuous-time approximation. We sample the simulated data annually. For each set of parameters, we run the simulation 15 times and present averaged results.
Calibration Results
Results from the calibration are presented in Tables 2 through 5. Table  2 summarizes the calibration results, reporting the range of home bias produced by the model for the parameter values we investigate. We …nd that a large fraction of observed home bias can be explained by our model, with allocations range from 64% to 75% for the U.S., 51% to 84% for the U.K., and 30% to 67% for Sweden. Mean-variance optimal domestic equity holdings, considering domestic equities and the MSCI EAFE index as investable assets, are approximately 57% for the U.S., 35% for the U.K., and 8% for Sweden.
In Tables 3 through 5 , we investigate the calibration results in more detail. For each country, we present mean asset holdings for Type E agents, mean and standard deviation of consumption growth for the economy, and correlations between log excess domestic returns over international returns and percent changes in the fraction of the portfolio of risky assets held in foreign assets. Asset holdings are presented in terms of holding of foreign and domestic assets, rather than international and domestic, for easy comparison with commonly available benchmarks. (According to our earlier de…nition, the "international" asset includes the domestic asset, while the "foreign" asset does not.)
Each table presents results for¯= 0,¯= 0:05, and¯= 0:1. Thē = 0:05 and¯= 0:1 cases illustrate the impact of introducing a small number of agents who hold only the domestic asset. While holdings of risky assets do not change very much as we add Type O agents, the composition of risky asset holdings changes dramatically in all countries, but particularly in the U.K. and Sweden. In the¯= 0 case, the composition of asset holdings in the risky portfolio (® . Adding a small number of constrained agents boosts the fraction of wealth held in the domestic asset considerably. In the U.S., the domestic asset comprises 57% of the risky component of the mean-variance e¢cient portfolio. When we introduce a small number of Type O agents (¯= 0:05 and¯= 0:1 cases), the domestic asset comprises a larger fraction of the external habit agent's risky asset holdings (64% to 67%, and 69% to 75%, respectively). Holding relative risk aversion constant, equity home bias is obtained at the expense of consumption volatility. We conduct our calibrations at a …xed, low level of relative risk aversion,°= 2:5. Consumption volatility rises as we add Type O agents to the model. Adding Type O agents increases aggregate consumption volatility as the more volatile consumption of Type O agents is averaged in to the aggregate. In addition, Type E agents hold more domestic equity, increasing the volatility of the Type E portfolio, causing Type E consumption to become more volatile.
In the U.K. and Sweden, the di¤erence in portfolio holdings is much more dramatic because the domestic asset has a much smaller role in the mean-variance e¢cient portfolio (35% and 8%, respectively). Consequently, requiring investors to mimic agents whose holdings are very different from the mean-variance e¢cient portfolio leads to a larger change from the mean-variance e¢cient portfolio. In Sweden and the U.K., our model implies that, for¯= 0:1, the fraction held in the domestic risky asset is between 43% and 67%, and between 60% and 83%, respectively. This is relatively close to the observed domestic holdings of 82% in the U.K. For Sweden, Cooper and Kaplanis (1994) report a home bias of 100% in 1989, based on OECD sources. This …gure should probably be treated with some skepticism. Our main motivation for calibrating to Sweden is to better understand how our model functions in a very small economy.
Recall that for each country, we consider six di¤erent values for habit pairs. Moving across columns from left to right in Tables 3 through 5 increases the rate of decay of habit, a. To compensate, the calibration correspondingly increases the in ‡uence of aggregate consumption in creating new habit obligations, speci…ed by b. Moving across the (a; b) pairs in the table impacts the overall holding of risky assets, but not the absolute level of domestic holdings, save for the fraction of the domestic asset held in the global portfolio. Recall that portfolio weights in equities can be decomposed into a mimicking component and a meanvariance e¢cient component. Since
is relatively constant across (a; b) pairs (a result of calibration to consumption moments), the fraction of wealth that must be held in domestic assets to mimic Type O agents is also relatively constant across (a; b) pairs. What changes is the fraction of wealth held in the mean-variance e¢cient portfolio; holdings of the domestic asset only vary across (a; b) pairs to the degree that the domestic asset is found in the mean-variance e¢cient portfolio. This fraction varies more across (a; b) pairs for the U.S., since the U.S. comprises a large fraction of the mean-variance e¢cient portfolio.
Remaining aware of the criticisms of the Tesar and Werner (1998) time series data discussed earlier, we compare time series implications from our calibration to moments found in the data. The results from our calibration are modestly encouraging. As in the data, our calibration produces large negative contemporaneous correlations between the percent change in the share of risky assets held in the foreign asset and the excess log return of the domestic asset over the international asset. In the U.S., we observe a correlation of ¡0:702 in the data; our calibration produces correlations from ¡0:513 to ¡0:808. In the U.K., we observe a correlation of ¡0:507 in the data; our calibration produces correlations from ¡0:573 to ¡0:847. We do not have data on the home bias for Sweden, but we note that correlations are more extreme, from ¡0:673 to ¡0:860. Since we do not have long-term consumption data for Canada and Germany, we do not run calibrations for these countries. However, we note that observed correlations in these countries are considerably closer to zero, at ¡0:204 and ¡0:427, respectively.
Conclusion
This paper shows that external habit formation preferences can help to explain the equity home bias. If agents measure utility relative to a benchmark that depends on aggregate consumption, they will mimic aggregate consumption to hedge changes in this benchmark. If a subset of agents in the economy is constrained to hold domestic equities, unconstrained agents will mimic this portfolio. Unconstrained agents also mimic one another, leading to a multiplier e¤ect and generating a large equity home bias.
The particular form of preferences we use, di¤erence-type external habit formation preferences, leads to a large equity home bias in small countries. As an illustration, when we calibrate the model, we are able to generate a large implied home bias for a small country, Sweden, in which mean-variance optimal holdings of the domestic asset are approximately 8%. This matches the observation that home bias in small countries tends to be substantial.
Our paper points to several directions for future research. One avenue for future work is theoretical. Our paper is framed in a partial equilibrium setting. Modifying the process followed by habit, in a manner akin to Campbell and Cochrane (1999) , will allow us to assess the general equilbrium implications of external habit preferences. A general equilibrium model will allow us to simultaneously address both portfolio allocation and asset pricing implications of the model.
Another direction for future work is empirical. The paper marshalls cross-country evidence on the home bias to provide suggestive support for our theory. In the future, better cross-country evidence on international equity holdings will become available. This cross-country evidence will serve as a valuable testing ground for home bias theories. Our theory accords well with two cross-country features of the data: the large equity home bias in small countries, and the tendency of large home bias to occur in countries with small market capitalization relative to GDP. However, cross-country analysis faces two obstacles. First, the equity home bias may be di¤erentially a¤ected by sticky institutional structures, such as tax bene…ts for local investment. Second, meaningful data on portfolio holdings is scarce and of varying quality across countries. Partly because of these di¢culties, data on own-company stock holdings, which is fairly uniform in quality and a better candidate for standardization than international data, provides a promising avenue for testing local bias theories. In particular, 401(k) data may help to distinguish among herding stories of portfolio choice.
A related potential testing ground for our theory is data on portfolio ‡ows at the investor level. If we can assign investors in a dataset to geographical regions, we can test the trading implications of external habit formation preferences directly. Under external habit formation preferences, we should see that shifts in the investments of a group plausibly identi…ed as constrained are directly mimicked by other agents. Although this paper assumes that mimicking occurs instantaneously, it is plausible that mimicking actually occurs at a lag. Examining ‡ow data may allow us to assess this dynamic aspect of mimicking behavior.
he …rst order conditions for the maximization are
Now guess a solution to the habit problem of the form
Plugging in to the Bellman equation, with optimal C and ®, we obtain 0 =°1 ¡°f
which is a di¤erential equation in f (H), corresponding to equation (30) . Therefore, whenever a solution of the standard form exists for the power utility problem, we can obtain a solution to the analogous external habit formation problem. Moreover, the optimal consumption and portfolio rules are
Proof of Proposition 2. Note that
From Proposition (1), for the external habit agent,
Substituting (31) and (32) into (33) and (34) yields,
Rearranging terms and solving for ® E gives
B Appendix: Evolution of the State Variables
This appendix considers the steady-state properties of processes for the state variables X, W O , and W E when the investment opportunity set is constant. We assume that prices follow the simple processes
Here, ¹ and ¡ are assumed constant. A natural concern in in…nite horizon, heterogeneous agent models is the stability of the distribution of wealth among types in the economy. Additionally, in habit formation models, an analogous concern is the stability of the relationship between habit and consumption. While agents are guaranteed to be able to consume at least habit, models in which consumption converges to habit or in which habit becomes insigni…cant relative to consumption are less useful than models in which some type of non-degenerate steady-state relationship holds.
To establish stability of relationships among the three state variables, we reuse the concept of "surplus wealth" introduced above:
Our reason for using surplus wealth is expositional: under constant investment opportunities, W S follows a geometric Brownian motion (35 Given optimal investment and consumption by the Type E agents, the process for surplus wealth is
This process is identical to the process for optimally invested and consumed wealth for the dual power agent described in Proposition 1, consistent with the intuition that external habit agents behave like power agents once they hold an asset paying habit. Using Ito's lemma, we can obtain a process for
This process is a geometric Brownian motion for 
Under this rule,
Provided that
is strictly positive, this is a simple mean-reverting process. The requirements for stability are therefore 8 > > < > > :
The possibility that the
We have established conditions for the stability of the ratio between the wealth of Type O agents and surplus wealth of Type E agents. In combination with stability of X W S , this condition assures that Type O and Type E wealth have a non-degenerate, stable relationship. This implies that the level of home bias will be non-degenerate in the steady state. We now turn to the process for
is stationary and positive, as it is in the consumption rule proposed above, and that 8 > > > > < > > > > :
is stationary, since it is a mean-reverting process with an additional positive stationary component in the drift. This assures that portfolio choice will not be dominated either by the power utility solution or by the asset paying habit as its dividend. It also assures stability of X C¡X , since (C ¡ X) is proportional to W S . (2) ® P denotes portfolio chosen by hypothetical power agent; ® obs are observed portfolio weights (Source: French and Poterba (1991), Table 1 , the correlation between the percent change in the risky weight in the foreign asset and the excess log return of the domestic asset over the international asset. ½ [%¢®; er DI ] obs denotes the observed moment from the data. Source for time series data on portfolio allocations is Tesar and Werner (1998) . Data is annual, from 1987 through 1996. (2) ® P denotes portfolio chosen by hypothetical power agent; ® obs are observed portfolio weights (Source: French and Poterba (1991), Table 1 , the correlation between the percent change in the risky weight in the foreign asset and the excess log return of the domestic asset over the international asset. ½ [%¢®; er DI ] obs denotes the observed moment from the data. Source for time series data on portfolio allocations is Tesar and Werner (1998) . Data is annual, from 1987 through 1995. (2) ® P denotes portfolio chosen by hypothetical power agent; ® obs are observed portfolio weights (Source: French and Poterba (1991), Table 1 i , the correlation between the percent change in the risky weight in the foreign asset and the excess log return of the domestic asset over the international asset. ½ [%¢®; er DI ] obs denotes the observed moment from the data. Data on portfolio holdings for Sweden is from Cooper and Kaplanis (1994) , constructed from OECD National Accounts data.
